ABSTRACT. The objective of the present study was to determine whether corticotropin-releasing hormone (CRH) influences porcine corpus luteum function. The gene expressions of CRH receptors (CRH-R) were determined in the CLs of Chinese Meishan pigs during the estrous cycle. The effects of CRH on progesterone (P), estradiol-17 (E) and prostaglandin (PG) F 2 secretion by cultured luteal cells were also investigated. Messenger RNAs of the CRH-R were clearly expressed in the CL throughout the estrous cycle, and the mRNA level was higher at the regressed stage than at the other stages (P<0.05). When the cultured luteal cells obtained from the mid-luteal stage CL (days 8-11) were exposed to CRH (50-5000 ng/ml), P secretion by the cells was significantly reduced at the highest dose (P<0.05), whereas CRH had no effect on E and PGF 2 secretion by the cells. The overall results suggest that CRH inhibits local P production from luteal cells via its specific CRH-R, implying that CRH plays some roles in regulating porcine CL function during the estrous cycle, especially in the period of luteolysis.
Corticotropin-releasing hormone (CRH) is known as a stress-induced peptide that is secreted from the paraventricular nucleus of the hypothalamus [22] . Hypothalamic CRH induces adrenocorticotropic hormone (ACTH) secretion by the pituitary via its specific receptors (CRH-R), and the ACTH stimulates glucocorticoid (GC) production from the adrenal gland; this is considered to be the hypothalamicpituitary-adrenal (HPA) axis [22] . GC is produced in the adrenal cortex during periods of stress and is widely recognized as an immunosuppressive and anti-inflammatory agent [2] . It has been shown to inhibit expression of cytokines, adhesion molecules and enzymes involved in the inflammatory process [4] . Our recent study demonstrated the presence of GC and its converting enzymes in the porcine corpus luteum (CL) and that GC inhibits steroid production from cultured luteal cells [21] , suggesting that GC may regulate CL function locally in pigs.
Recent studies indicate that a CRH/CRH-R system also exists outside the central nervous system. CRH and CRH-R have been identified in the human placenta [8, 17] , endometrium [11, 12] and ovaries [3, 14] . In monkeys, the genes and proteins for CRH and CRH-R are expressed in the CL during the menstrual cycle [24] . Moreover, CRH inhibits progesterone (P) and estradiol-17 (E) secretion by cultured human granulosa-lutein cells [7] . Since the E production from the CL in pigs is a specific feature that is similar to those of the CLs in humans and monkeys [23] , the previous studies lead us to hypothesize that CRH directly regulates CL function in pigs as well as in primates.
In the present study, therefore, we measured expression of CRH-R in the porcine CL from different stages of the estrous cycle using reverse transcription (RT) polymerase chain reaction (PCR) and real-time PCR analyses. The possible effects of CRH on P, E and prostaglandin (PG) F 2 secretion by cultured luteal cells were also studied.
MATERIALS AND METHODS

Collection of porcine corpora lutea:
Sixteen post-pubertal Chinese Meishan pigs (50 to 90 kg) were used for the analysis of mRNA abundance. Each pig was euthanized by electric shock as is usually done in local abattoirs. The luteal stage was classified as early (days 3-5 after ovulation), mid (days 8-11), late (days [14] [15] [16] or regressed (days [19] [20] [21] by macroscopic observation of the ovaries [1] and confirmed by measuring P concentrations in CLs (n=4/each stage). For gene expression studies, the CLs were immediately separated from the ovaries, frozen rapidly in liquid nitrogen and stored at -80C until use.
Four post-pubertal Chinese Meishan pigs (55-70 kg) were used for cell culture studies. Ovaries with mid-stage CLs were collected, submerged in ice-cold physiological saline and transported to the laboratory. Ten to sixteen CLs were pooled from each pig (n=4).
PCR: Total RNA isolation and subsequent RT-and realtime PCR steps were carried out as previously described [20] . The following primers encoding the porcine sequences were designed and synthesized: 5'-GCCGCCTA-CAACTATTTCCA-3', forward, and 5'-CCAGCCAATG-CAGATAAACA-3 (132 bp), reverse, for CRH-R1 (NM_001144110; specific for porcine CRH receptor type 1).
Gene expression was measured by real-time PCR using a LightCycler (Roche Diagnostics, Mannheim, Germany) and the QuantiTect ® SYBR Green PCR system (Qiagen GmbH, Hilden, Germany) starting with 10 ng of reverse-transcribed total RNA. GAPDH expression was used as an internal control. The primer sequences for GAPDH amplification were: 5'-GGGCATGAACCATGAGAAGT-3', forward, and 5'-TGTGGTCATGAGTCCTTCCA-3' (133 bp), reverse. For quantification of the mRNA expression levels, the primer length (20 bp) and GC-contents of each primer (50-60%) were selected, and PCR was performed under the following conditions: 95C for 15 min, followed by 55 cycles of 94C for 15 sec, 55C for 30 sec and 72C for 30 sec. Use of the QuantiTect ® SYBR Green PCR system at elevated temperatures resulted in reliable and sensitive quantification of the RT-PCR products with high linearity (Pearson's correlation coefficient: r>0.98).
Luteal cell culture: Porcine luteal cells were prepared and cultured as described previously with some modifications [18, 20] . ) for up to 48 hr in a humidified atmosphere of 5% CO 2 in air at 37.5C. For the final 24 hr of culture, the cells were exposed to ovine CRH (50-5000 ng/ml; 4111-s; Peptide Institute, Inc., Osaka, Japan) in fresh culture medium. The conditioned media were collected and stored at -30C until measurement of P, E and PGF 2 . To determine whether the cultured cells were responsive to luteinizing hormone (LH), the cells were treated with porcine LH (100 ng/ml; Biogenesis Ltd., England, UK) for 24 hr. Four separate experiments were conducted using the CLs from four pigs.
Hormone determinations: The P concentrations were determined using an EIA as described previously [19] . The samples for the P assay were diluted 1000-fold with assay buffer. The standard curve ranged from 0.49 to 125 ng/ml, and the ED 50 of the assay was 3.2 ng/ml. The average intraand interassay coefficients of variation were 7.1% and 10.1%, respectively.
The E concentrations were determined using a commercial EIA kit (582251; Cayman Chemical Company, Ann Arbor, MI, U.S.A.). The samples for the E assay were diluted 11-fold with assay buffer. The standard curve ranged from 7.8 to 1000 pg/ml, and the ED 50 of the assay was 29.1 pg/ml. The average intra-and interassay coefficients of variation were 9.4% and 12.4%, respectively.
The PGF 2 concentrations were determined directly using an EIA as described previously [18] . The samples for the PGF 2 assay were diluted five-fold with assay buffer. The standard curve ranged from 15.6 to 4000 pg/ml, and the ED 50 of the assay was 225 pg/ml. The average intra-and interassay coefficients of variation were 8.9% and 12.8%, respectively.
Statistical analyses:
All experimental data are shown as the mean  SEM. The statistical significance of differences in the abundance of mRNA expression and in the concentrations of P, E and PGF 2 in culture media was assessed by one-way ANOVA with the StatView 5 (SAS Institute Inc., Cary, NC, U.S.A.) software package. When ANOVA showed a significant effect of stage, the stages were compared by the Fisher's protected least significant difference procedure (PLSD) as a multiple comparison test. A probability value less than 0.05 was considered statistically significant.
RESULTS
Expressions of CRH-R mRNA in the porcine CL during the estrous cycle:
Specific transcripts for CRH-R were detected in the porcine CL throughout the estrous cycle as well as in the pituitary, which was used as a positive control (Fig. 1A) . Real-time PCR analysis showed that the abundance of CRH-R mRNA in the CL was higher at the regressed stage of the estrous cycle than at the other stages ( Fig. 1B; P<0 .05).
Effects of CRH on hormone secretion by cultured luteal cells: CRH (5000 ng/ml) significantly inhibited P secretion by the cultured porcine luteal cells ( Fig. 2A; P<0 .05), whereas it did not affect E and PGF 2 secretion (Figs. 2B  and 2C) at any of the doses tested. LH, used as a positive control for the reactivity of the cultured luteal cells, significantly stimulated P secretion by the cells (Fig. 2A) and inhibited PGF 2 secretion (Fig. 2C) .
DISCUSSION
The present study provides evidence for the existence of mRNAs for CRH-R in the porcine CL throughout the estrous cycle. In addition, since CRH inhibited P secretion by cultured luteal cells, a functional CRH-R seems to be expressed on porcine luteal cells. CRH is known to possess two distinct receptors, type 1 (CRH-R1) and type 2 (CRH-R2), that are coupled to two 7-transmembrane G proteins (Gs and Gq), respectively [6] . Since CRH-R1 has been shown to be expressed mainly in the CL in monkeys [24] and ovaries in rats [16] , the presence of CRH-R1 mRNA was evaluated in this study. Messenger RNAs for CRH-R1 were expressed at the highest levels in the CL of the regressed stage in the present study. In addition, higher levels of immunoreactive CRH have been found in the regressing CL compared with the developing CL in humans [15] , suggesting that CRH plays a role at this stage. However, the CRH concentrations in the CLs of monkeys [24] , humans [14] and rats [13] have been demonstrated to increase in the developing luteal stage and to decrease in the regressing stage. Further study is needed to clarify the CRH production profile and the concrete roles of CRH in the porcine CL at the time of luteolysis.
Previous studies have demonstrated that CRH affects steroidogenesis in mammals. CRH at doses comparable to those used in the present study inhibits P and E secretion by human granulosa-lutein cells [7] and the basal and FSHinduced E secretion by rat granulosa cells [5] . Hence, we expected that P and E secretion by the porcine cultured luteal cells would be inhibited by CRH. However, in the present study, CRH inhibited P secretion by cultured porcine luteal cells, whereas it did not affect E and PGF 2 production. In other words, our results do not agree with the above previous studies, except for the result for P. On the other hand, it has been demonstrated that CRH can stimulate steroid production from several tissues. CRH increases E production from cultured human placental cells [25] and stimulates steroidogenesis by increasing the synthesis of the steroidogenic acute regulatory proteins in mouse Leydig cells that play a role in transferring cholesterol across the mitochondrial membrane [10] . Although the reason for the discrepancy is unclear, it might be due to differences in species and the conditions of the cell culture systems between the previous and present studies.
Completion of luteal regression is known to involve apoptotic cell death in many species including pigs [23] . CRH is also known to be secreted from the hypothalamus under the conditions of stress. Hypothalamic CRH induces ACTH secretion by the pituitary and subsequent production of GC from the adrenal gland [22] . Since GC is widely recognized to inhibit cytokine-induced apoptosis via its receptor in a variety of tissues [4] , GC plays major roles as an antiinflammatory factor in many organs. The porcine CL pro- duces PGs throughout the luteal phase and regresses in response to uterine PGF 2 [23] . Furthermore, immune cells have been demonstrated to invade the porcine CL during PGF 2 -induced luteolysis [9] . Since the inflammatory response involves the actions of cytokines, which are produced by immune cells, and since many cytokines stimulate production of PGs by the cells of target organs [2] , it is possible that the CL during luteolysis is subject to inflammatory-like conditions. Our previous study demonstrated that GC inhibits P and PGF 2 secretion by cultured porcine luteal cells [21] . Therefore, this suggests that CRH directly inhibits P production in the CL and that CRH-induced GC also plays a role in suppressing the inflammatory-like process in the regressed CL in pigs.
In conclusion, our results clearly demonstrated that CRH-R mRNAs are expressed in the porcine CL throughout the estrous cycle. Since CRH inhibited P production by luteal cells and CRH-R mRNA expression was highest in the regressed CL, we suggest that CRH plays one or more roles in regulating porcine CL function during the estrous cycle, especially at the time of luteolysis.
